The keratin degrading bacterial strain KRD1 was isolated from poultry farm soil by using enrichment technology. The strain was identified as Bacillus olironius on the basis of biochemical and 16s rRNA sequencing. The keratinase production was maximum in keratin medium under optimum condition (pH 7.5, time 96 h; temperature 37 °C; and 5 % inoculums). The KRD1 keratinase activity decreased by the addition of carbon sources and strain KRD1 produce high keratinase in the presence of 0.1 % yeast extract. Therefore enzymatic hydrolysis of feather wastes could be a safe method for recycling of keratin materials.
Keratin forms a major component of the epidermis and its appendages viz. hair, feathers, nails, horns, hoofs, scales and wool. On the basis of secondary structural confirmation, keratins have been classified into a (a-helix of hair and wool) and b (b-sheets of feather) (Akhtar et al., 1997) . The high sulfur content in keratin is due to the presence of sulfur containing amino acids namely cysteine and methionine. The intensive cross-linkage in keratin hinders their degradation by commonly known proteolytic enzymes like trypsin, pepsin and papain (Papadopoulos, 1986) . The degradation of keratin by microorganisms is performed by specific protease (keratinase) (Gessessse et al., 2003) . The proteolytic enzymes like trypsin, pepsin and papain are largely produced in the presence of keratinous substrates (Gupta et al., 2002) . The purified keratinases known till now cannot completely solubilize native keratin, their exact nature and uniqueness for keratinolysis is still an enigma in the world of proteases (Ignatova et al., 1999) . The keratinases in nature have been continuously contributing to valorization of huge keratin containing wastes in the form of hair, feathers, dead birds and animals (Farag and Hassan, 2004) . The feather hydrolysates of Bacillus licheniformis PWD-1 and Vibrio sp. strain kr2 can be used as feed additives, while the keratinase from Bacillus subtilis S14 exhibits remarkable dehairing capabilities (Grazziotin et al., 2006; Macedo et al., 2005) . Moreover, keratinase from B. licheniformis PWD-1 can degrade the infectious form of prion, in the presence of detergents and heat treatment, which is very important for the utilization of animal meal as feed (Langeveld et al., 2003) . It is important to improve the enzyme yield, so various methods like optimization of culture conditions, medium composition and heterologous gene expression have been applied (Ramnani and Gupta, 2004; Anbu et al., 2005) . In place of using such modern, expensive and time consuming techniques, proper selection of wild microbial isolate can provide stable enzymes that can easily serve the purpose without any additional requirements. In this study, our aim was to isolate efficient keratinase producing bacteria strain form poultry farm soil.
MATERIALS AND METHODS

Chemical and preparation of chicken feather powder
The media ingredients, chemicals and dialysis membrane were procured from Hi Media. Chicken feathers and soil sample were collected from poultry farm, kurukshetra. The feathers were washed properly with distilled water and partially denatured by autoclave method. The dried feathers were grind in electrical grinder, passed through small mesh and kept for further study. Isolation, screening identification, heavy metal tolerance and antibiotic resistance of keratin degrading bacterial strain
The keratin degrading bacterial strains were isolated by enrichment culture technique. The 5 g poultry farm soil sample was added in 100 ml keratin media ( MgSO 4 6H 2 O; pH 7.5) and incubated for one week at 28 °C. The 10 ml culture broth from enriched flask was transferred into fresh keratin medium up to 4 weeks. The serially diluted enriched medium was spread over nutrient agar plates and incubated at 30 °C for 2 days. The isolated strains were streaked on milk agar plates for 24 h at 37 °C. The strains produce clear zone on milk agar plates were selected for keratinolytic activity (Zerdani et al., 2004) . The selected strains were spotted on keratin agar for 72 h at 37 °C to check their keratinolytic activity. The bacterial strains produce clear zone on keratin agar was selected for further study. The identification of bacterial strain was done by using biochemical and molecular characterization. Keratinase assay and Optimization keratinase production The production medium was inoculated with 1% inoculum and incubated at 37 °C for 48 h under 120 rpm. The culture was centrifuged at 8,000 rpm for 20 min at 4 °C. The cell free extract was used as crude preparation to measure the protease activity. The reaction mixture was filtered through whatman no.1 filter paper. The colour development assay of tyrosine in filtrate was done by adding the following reagent. The reaction mixture was incubate at room temperature for 30 min and absorbance was measured at 660 nm. The concentration of L-tyrosine released in the filtrate was determined by comparing against standard curve of L-tyrosine. One unit of keratinase activity was defined as the amount of enzyme that releases 1 µg of tyrosine per ml per minute under the above assay conditions. The keratinase activity in terms of U/ml was derived as [µg of Tyrosine equivalents released X Total volume (ml) of assay]
[Volume of enzyme (ml) X Time of assay (min) X Volume used in colorimeter (ml)]
The protein concentration was determined, using bovine serum albumin as standard (Lowry et al., 1951) .
The optimization of keratinase production was done by using different factors i.e. inoculum size, different time, pH, temperature, carbon source and nitrogen source. 
RESULTS AND DISCUSSION
Isolation, identification and heavy metal tolerance of keratin degrading strain KRD1
The proteolytic enzymes have ample utilization in industrial processes, such as the detergent, food and leather industries (Gupta et al., 2002) . The Bacillus licheniformis, Bacillus subtilis, Bacillus pumilus and Bacillus cereus are reported to produce keratinase (Cai et al., 2008; Ghosh et al., 2008) . In this study, 30 morphologically different bacterial strains were isolated by using enrichment culture technique. The isolated cultures were screened for their proteolytic activity, only 12 showed the formation of clear zone on skim milk agar plate. Out of 12 proteolytic bacterial strains, only 4 showed zone formation on keratin agar plate. The bacterial strain KRD1 was selected for further study on the basis of zone formation. The morphological, physiological and biochemical characteristics of strain KRD1 is shown in Table 1 . The strain KRD1
showed (starch and gelatin hydrolysing capability) and utilized (glucose, mannitol, xylose, inositol, sorbitol and sucrose, salicin). The 16s rRNA sequencing showed that strain KRD1 have 100 % homology with Bacillus oleronius. The 16s rRNA sequence and phylogenetic tree of strain KRD1 was constructed by using clustalW2 program as shown in Fig 1. The strain KRD1 ) even at high concentration 20 µg/ml. In case of Hg 2+ grow only up to 12 µg/ ml concentration. The antibiotic resistant pattern of strain was determined by using disc diffusion method and found sensitive against all used antibiotics.
Optimization of keratinase production
The keratinase production is greatly influenced by the nutritional and environmental factors (Zambare et al., 2007) . The keratinase production by strain KRD1 at different time, carbon sourecs, temperature, pH and nitrogen sources is shown in Fig 2. The maximum keratinase ., 2005) . A higher inoculum of 10% (v/v) was found to reduce the production of keratinase more than lower inoculum size of 1% (v/v). Therefore, high inoculum sizes do not necessarily give higher keratinase yield. The increase in the production of keratinase using small inoculum size has been suggested due to thehigher surface area to volume ratio (Rahman et al., 2005 . The fermentation process is influenced by the pH, as microorganisms are sensitive to the changes in the hydrogen ion concentration of their environment (Sharmin et al., 2005) . The production of keratinase by KRD1 increased with increase in pH of the medium and peaked to 31 µg/ml/min at 7.5 pH. The maximum keretinase production by strain KRD1 was observed at pH 7.5. The Bacillus lichniformis, Bacillus subtilis, and Bacillus subtilis has been reported to produce maximum enzyme in production medium at pH 7.5 (Olajuyigbe and Ajele, 2005; Das and Parsad, 2010). The temperature is very critical parameter which needs to be controlled with organisms (Kumar and Takagi, 1999) . The keratinase production was optimum at 37 °C and decreased beyond 37 °C. The optimum temperature for keratinase production by Bacillus sp. was reported at 45 °C (Kainoor and Naik, 2010) . In extra-cellular enzymes, temperature was found to influence their secretion, possibly by changing the physical properties of the cell membrane (Rahman et al., 2005) . The significant decline in keratinase production was observed beyond 40 °C. It is a well-known fact that protein conformation changes at higher temperatures, causes a decrease in the protease activity (Johnvesly and Naik, 2001 ). The keratinase production is dependent on both carbon and nitrogen sources (Moon and Parulekar, 1991) . The KRD1 keratinase activity decreased by the addition of carbon sources, this shows that enzyme production has catabolite repression system, support earlier study (Kainoor and Naik, 2010) . Nitrogen plays an important role in regulating pH of the medium and may be crucial to maintain the activity and stability of the enzyme. In this study, strain KRD1 produced high keratinase in the presence of 0.1 % yeast extract.
